p=0.019). Our investigation have proved the ACE I/D allele could be one of the factors influencing the elite endurance exercise performance. The research suggests that those most predisposed to judo are individuals with the allele distribution in the ACE gene that is most significant with regard to the duration of a fight, and not with regard to the character of the performed moves, as could be supposed. Allele I has been shown in association the increase in the endurance of muscles, their effectiveness and is also responsible for an increase in the proportion of free fibers (type I muscle fibers) [7, 25] . 
MATERIALS AND METHODS
Subjects: 28 male of elite Polish and Lithuania judo players were recruited for this study. 26 of them were national representatives with no less than ten years experience participating in sport. All of them were the Poland or Lithuania National Championship medalist.
Additionally 5 of them were European Championship medalist, 4 of them were World Championship medalist and 2 of them were Olympic Game medalist.
For controls, samples were prepared from 115 unrelated volunteers (male students of University of Szczecin, aged [19] [20] [21] [22] [23] . The athletes and controls were all Caucasian to ensure no likely racial gene skew and to overcome any potential problems of population stratification.
The procedures followed in the study were approved by the Pomeranian Medical University Ethics Committee. ACE genotype distributions amongst subjects and controls were in Hardy-Weinberg equilibrium, making selection bias less likely. The distributions of the ACE genotypes and alleles are given in Table 1 .
The genotype distribution (Fig. 2) 
FIG. 2. ACE GENOTYPE FREQUENCIES IN 28 POLISH AND LITHUANIAN
JUDO PLAYERS AND CONTROLS. 
THE ACE GENE I/D POLYMORPHISM IN ELLITE POLISH AND LITHUANIAN JUDO PLAYERS

DISCUSSION
Sport performance is a multifactorial phenotype, influenced by several factors, such as physique, biomechanical, and social characteristics [14] . It is considered that phenotypes variability in greatest range depends on DNA sequence polymorphism.
First reports on the ACE gene I/D polymorphism have concerned the health implications [3, 20] . Till this moment the role of ACE gene for health have been intensively explored in more then 140 separate studies.
I/D polymorphism in intron 16 of the gene coding for the ACE has been also used to study the role of this gene in the physical performance.
Mostly the case-control studies have shown a significant association between ACE genotype and elite athlete status [7] .
The first such study reported an increased frequency of the I allele in British high-altitude mountaineers compared controls [9] . Many further studies have shown that not only I allele, but two alleles at ACE I/D polymorphism have differing effects on athletic performance [11, 23] .
It was suggested that the I allele of the ACE gene may be associated with improved performance and this effect might influence general sport ability. Investigations have shown that ACE I allele is associated with improved muscle efficiency [22] , greater anabolic activity in response to physical training [10] , explained by an increased intake of oxygen by the muscular tissue [7] . Allele I is also responsible for an increase in the proportion of free fibers (type I muscle fibers) in the lateral vastus thigh muscle in non-sporting individuals [25] .
The D allele is described to be a factor responsible for the increased power of a sprinter and the power of muscles, confirmed by a research on short-distance swimmers [23] , which showed a greater frequency of allele D than the non-training control group). One of the probable causes of this phenomenon could be a hypertrophy of the muscular tissue. Analyses show that allele D is related to an increase in the strength of the quadricipital thigh muscle in a response to a nine-week isometric-strength training [5] . These facts may be a proof the ACE D allele has been associated with higher ACE activity, compared to the ACE I allele [1, 6] . The study have supported the interpretation concerned ACE activity is Montgomery research On the other hand, in spite of many positive association studies suggests that there is an influence of ACE genotype on athletic performance, there are also the studies have found no evidence for association described above [14, 19] . Also the Nazarov [12] This conclusion seems to be confirmed by studies by Alvarez carried out on handball players [1] . Unfortunately, it is difficult to verify this hypothesis due to the insufficient number of surveys on the significance of genetic conditions in fighting sports (ACE gene has been examined only once in the context of judo, in a paper by Oh [13] but with no clear conclusions).
This genotype distribution can also be explained in the association with the physiology of the performed effort. Taking into account physiological aspects it is clear why I allele may influence endurance performance. Through improvements in substrate delivery, mainly by increase skeletal muscle glucose uptake [23] and adaptation of the enzymes responsible for glucose catabolism the efficiency of skeletal muscle is rising [22] with subsequent conservation of energy stores like glycogen storage [10] .
Our investigation have proved the ACE I/D allele could be one of the factors influencing the elite endurance exercise performance.
However, these results should be supported with more experimental data on ACE polymorphisms with large elite athletes, especially judo players.
CONCLUSIONS
1. The obtained results confirm the significance of the ACE gene as a useful genetic marker in sport selection in judo.
2. The research suggests that those most predisposed to judo are individuals with the allele distribution in the ACE gene that is most significant with regard to the duration of a fight (aerobic transformations), and not with regard to the character of the performed moves, as could be supposed.
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